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5 Technical Field 

The present invention relates to hydraulic braking systems, and more 
particularly, to an electronically enhanced hydraulic braking system. 

Background 

Hydraulic braking systems for automobiles and/or other mobile vehicles are 

10 well known. Traditionally, hydraulic braking systems include a method of brake 
actuation to engage the vehicle brakes. For example, traditional braking systems use 
a variety of devices to convert mechanical power into fluid power, in the form of 
fluid displacement and pressure, to actuate the vehicle brakes. In these braking 
systems, however, the amount of fluid displacement and pressure supplied to the 

15 vehicle brakes is limited. Full power hydraulic brake systems, on the other hand, are 
capable of supplying larger amounts of fluid displacement and hydraulic pressure 
directly to the vehicle brakes. As a result, full power hydraulic braking systems are 
capable of supplying significantly higher braking torques with actuation that is faster 
than traditional hydraulic braking systems. 

20 FIG. 1 illustrates a simple low-gain pressure output for a conventional 

hydraulic braking system. The vertical axis represents the percentage of pressure or 
braking output and the horizontal axis represents the percentage of mechanical 
actuation (e.g., pedal rotation). As shown in FIG. 1, a significant amount of pedal 
rotation is required to increase the braking output to high levels. For example, only 

25 25 percent of available braking output or pressure is achieved through 75 percent of 
mechanical actuation. Conversely, the braking output or pressure is significantly 
increased as the mechanical actuation increases from 75 percent through 100 percent. 
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Variable ratios of braking output or pressure have been achieved when 
electrically controlled devices are utilized in conjunction with traditional hydraulic 
braking systems. For example, braking systems exist that utilize the electronically 
controlled device to vary the braking output based upon input received from vehicle 
5 control systems, such as, the anti-lock braking system, vehicle wheel sensors, or 
vehicle speed sensors. However, these systems have several shortcomings. 

For example, many existing brake systems that use electronically controlled 
devices to vary the braking output only are capable of providing a preset output in 
response to certain vehicle conditions. Furthermore, many existing hydraulic braking 

10 systems that utilize electronically controlled devices to vary the braking output rely on 
a separate boosting mechanism to increase the pressure directly to the brakes. Hence 
these braking systems are limited in their ability to affect the braking output 
characteristics of the mechanically produced braking output. As a result, many 
existing braking systems lack the necessary versatility to accommodate the various 

15 situations that are encountered by the driver and that require different braking 
outputs. 

Improvements in the mode of operation of hydraulic braking systems is, 
therefore, desired. 

Summary of the Disclosure 

20 The present disclosure generally relates to hydraulic braking systems. More 

particularly, the present disclosure is directed towards a hydraulic braking system 
having an electronically controlled full power brake valve. The hydraulic braking 
system of the present disclosure includes a primary brake valve assembly, a secondary 
valve assembly and an electronic controller. The system is designed such that the 

25 pressure output of the primary brake valve assembly can be varied based on inputs 
received from vehicle sensors, thereby, giving a wide range of control options. 
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In one aspect of the invention, the hydraulic braking system supplies a braking 
output for a vehicle having at least one wheel. The hydraulic braking system includes 
a primary valve assembly that is configured to receive a manually controlled input 
that varies the braking output of the braking system. The primary valve assembly 
5 includes a first spool valve configured to vary the braking output according to the 
manually controlled input. The hydraulic braking system also includes a secondary 
valve assembly integral with the primary valve assembly. The secondary valve 
assembly is configured to receive input signals from a programmable electronic 
controller and includes a second spool valve configured to operate with the primary 

10 valve assembly. The secondary valve assembly also includes an actuator for engaging 
and actuating the second spool valve according to the input signals received from the 
programmable electronic controller such that the second spool valve modulates the 
braking output produced by the primary valve assembly. 

In one aspect of the invention, the first spool valve is positionable between a 

15 first position, a second position, and an intermediate position between the first and 
second positions. In the first position, the first spool valve provides fluid 
communication between at least one of the wheels and a first pressure source. In the 
second position, the first spool valve provides fluid communication between at least 
one of the wheels and a second pressure source. In the intermediate position, the first 

20 spool valve restricts fluid communication between the vehicle wheels and the first and 
second pressure sources. Similarly, the second spool valve is positionable between a 
first position, a second position, and an intermediate position between the first and 
second positions. In the second spool valve first position, the second spool valve 
provides fluid communication between the primary valve assembly and the first 

25 pressure source. In the second spool valve second position, the second spool valve 
provides fluid communication between the primary valve assembly and the second 
pressure source. In the second spool valve intermediate position, the second spool 
valve restricts fluid communication between the vehicle wheels and the first and 
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second pressure sources. In so doing, the second spool valve is able to modulate 
between the secondary valve assembly first and intermediate positions such that the 
secondary valve assembly pilot assists the primary valve assembly to intensify the 
braking output provided by the primary valve assembly when the actuator urges the 
5 second spool valve to the first position. 

In yet another aspect, the second spool valve is constructed and arranged to 
modulate between the secondary valve assembly second and intermediate positions 
such that the secondary valve assembly decreases the braking output produced by the 
primary valve assembly. 
10 In still yet another aspect, the actuator is a solenoid actuator having a coil and 

an armature for engaging and actuating the second spool valve according to the input 
signals received from the programmable electronic controller. In so doing, the 
second spool valve modulates the braking output produced by the primary valve 
assembly. 

15 Furthermore, the programmable electronic controller is configurable to receive 

input from one or more vehicle control systems such that the secondary valve 
assembly modulates the braking output produced by the primary valve assembly 
according to preset values. Alternatively, the programmable electronic controller is 
configurable to receive input from a serial control device such that the secondary 

20 valve assembly modulates the braking output produced by the primary valve assembly 
in real-time. 

The above summary of the present invention is not intended to describe each 
illustrated embodiment or every implementation of the present invention. Other 
objects, features and advantages of the present invention will become more apparent 
25 in light of the following detailed description of exemplary embodiments thereof, as 
illustrated in the accompanying drawings. 
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Brief Description of the Drawings 

The invention may be more completely understood in consideration of the 
following detailed description of various embodiments of the invention in connection 
with the accompanying drawings, in which: 
5 FIG. 1 is a view showing the mechanically produced output of a hydraulic 

braking system in accordance with the prior art represented as pressure output 
percentage versus pedal rotation percentage; 

FIG. 2 is a cross-sectional view of a hydraulic brake system according to the 
principals of the present disclosure shown in a non-actuated state; 
10 FIG. 3 is a cross-sectional view of a hydraulic brake system according to the 

principals of the present disclosure shown in an actuated state; 

FIG. 4 is an enlarged, cross-sectional view of a primary valve assembly as 
illustrated in the hydraulic brake system of FIGS. 2 and 3; 

FIG. 5 is an enlarged, cross-sectional view of a secondary valve assembly as 
15 illustrated in the hydraulic brake system of FIGS. 2 and 3; 

FIG. 6 is a hydraulic schematic diagram of the hydraulic brake system 
illustrated in FIGS. 1 and 2 shown in a first (non-actuated) position; 

FIG. 7 is a hydraulic schematic diagram of the hydraulic brake system 
illustrated in FIGS. 1 and 2 shown in a second (actuated) position; 
20 FIG. 8 is a hydraulic schematic diagram of the hydraulic brake system 

illustrated in FIGS. 1 and 2 shown in an intermediate position between the first and 
second positions of FIGS. 6 and 7; 

FIG. 9 is a view showing various braking outputs produced using an electronic 
controller according to the present disclosure varied relative to pedal position; 
25 FIG. 10 is a view showing a standard linear programmed slope represented as 

pressure output percentage versus pedal rotation percentage; 

FIG. 11 is a view showing a slope adjusted for lower speeds represented as 
pressure output percentage versus pedal rotation percentage; 
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FIG. 12 is a view showing a slope adjusted for higher speeds represented as 
pressure output percentage versus pedal rotation percentage; 

FIG. 13 is a view showing exemplary programmed slopes according to an 
embodiment of the present disclosure; and 
5 FIG. 14 is a view showing another exemplary programmed braking slope 

according to an embodiment of the present disclosure. 

While the invention is amenable to various modifications and alternative 
forms, specifics thereof have been shown by way of example in the drawings and will 
be described in detail. It should be understood, however, that the intention is not to 
10 limit the invention to the particular embodiments described. On the contrary, the 
intention is to cover all modifications, equivalents, and alternatives falling within the 
spirit and scope of the invention as defined by the appended claims. 

Detailed Description 

The present disclosure generally relates to hydraulic braking systems. More 
15 particularly, the present disclosure is directed towards a hydraulic braking system 
having an electronically controlled full power brake valve. While the present 
invention is not so limited, a more detailed understanding of the present invention will 
be gained through a discussion of the drawings in connection with the examples 
provided below. 

20 Referring now to FIG. 2, a cross-sectional view of a hydraulic brake valve 

100 according to the principals of the present disclosure is shown in a non-actuated 
state. By "non-actuated," it is generally meant that the vehicle brakes are not 
engaged and, thus, do not restrict the motion of the vehicle. Conversely, the 
hydraulic braking system as shown in FIG. 3 depicts the hydraulic brake valve 100 in 

25 an actuated state. By "actuated," it is generally meant that the vehicle brakes are at 
least partially engaged and, thus, restrict the motion of the vehicle. 
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As shown in FIG. 2 the hydraulic brake valve 100 includes a primary brake 
valve assembly 102 and a secondary brake valve assembly 104. The primary brake 
valve assembly 102 is configured to receive a manually controlled input through an 
actuating mechanism 106, such as a brake pedal, brake lever, or other suitable 
5 mechanism for providing manually controlled input into the hydraulic braking system. 
The actuating mechanism 106 transmits an input force from the operator to the brake 
assembly through an input cylinder 108. As shown in FIG. 2, the actuating 
mechanism 106 acts on a spring 109 (represented as arrows) and moves a spring 
retainer 110 disposed within the input cylinder 108 downwardly through the housing 
10 of the primary valve 102. By "downwardly," it is generally meant that in the 
orientation of the braking system shown in FIG. 2, the spring retainer 110 moves 
from the top of the input cylinder 108 in the direction of the primary valve assembly 
102. 

The spring retainer 110 urges an intermediate piston 112 into engagement with 
15 a first spool valve 114 disposed within the primary valve assembly 102. The first 
spool valve 114 is a conventional spool valve as is generally known in the art. The 
first spool valve 114 is configured to selectively provide fluid communication between 
the vehicle brakes 105a, 105b and a first pressure source 150 or a second pressure 
source 152. In the arrangement as shown in FIG. 2, the first pressure source 150 can 
20 be a pressure drain or reservoir pressure. The second pressure source 152 can be a 
high pressure source or system pressure that is provided by a pump or accumulator 
(not shown). As discussed above, the braking system 100 as shown in FIG. 2 is in a 
non-actuated state. Thus, in the configuration shown, the spool valve 114 is 
positioned such that fluid communication is provided between the vehicle wheels 
25 105a, 105b and the reservoir 150. The various positions of the hydraulic braking 
system will be described in greater detail below in conjunction with FIGS. 6-8. 

Referring now to FIG. 4, an enlarged view of the primary valve assembly 102 
is shown. The first spool valve 114 has a first end 116 and a second end 118 opposite 
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the first end 116. As the spring retainer 110 (FIG. 2) is moved downwardly through 
the input cylinder 108 by the actuating mechanism 106 (FIG. 2), the spring retainer 
110 urges the intermediate piston 112 into engagement with the first end 116 of the 
first spool valve 114. 

5 As discussed above, the first spool valve 114 is configured to selectively 

provide fluid communication between the vehicle brakes 105a, 105b (FIG. 2) and a 
first pressure source 150 (e.g., the reservoir pressure) or a second pressure source 
152 (e.g., the system pressure). For example, when the first spool valve 114 is in its 
non-actuated state, the first spool valve 114 is positioned such that fluid 

10 communication is provided between the vehicle brakes 105a, 105b and the reservoir 
150 via passageway 154 and passageway 151. Alternatively, when the first spool 
valve 114 is in its actuated state, the first spool valve 114 is positioned such that fluid 
communication is provided between the vehicle brakes 105a, 105b and the system 
pressure 152 via passageway 153 and passageway 154. Accordingly, high pressure 

15 hydraulic fluid is supplied directly to the vehicle brakes 105a, 105b when the first 
spool valve is in an actuated state. 

Referring again to FIG. 2, a secondary valve assembly 104 is operable with 
and integral with the primary valve assembly 102. By "integral," it is generally 
meant that the secondary valve assembly 104 and the primary valve assembly 102 are 

20 constructed and arranged such that they are integrated and formed as part of a single 
structure. The secondary valve assembly 104 includes a second spool valve 126 that 
is configured to operate with the primary valve assembly 102. The second spool 
valve 126 is a conventional spool valve as is generally known in the art. The second 
spool valve 126 is configured to selectively provide fluid communication between the 

25 first spool valve 114 and the first pressure source 150 (e.g., the reservoir pressure) or 
the second pressure source 152 (e.g., the system pressure). In an actuated state, the 
secondary valve assembly 104 provides fluid communication between the primary 
valve assembly 102 and the system pressure 152. Conversely, in a non-actuated state, 
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the secondary valve assembly 104 provides fluid communication between the primary 
valve assembly 102 and the reservoir pressure 150. 

The second valve assembly 104 also includes an actuator 138 for engaging and 
actuating the second spool valve 126 between a non-actuated state to an actuated state. 
5 In one embodiment, the actuator 138 is an electromagnetic solenoid. However, the 
actuator 138 can be any mechanism that is capable of actuating the second spool valve 
126 between a non-actuated state and an actuated state. In the illustrated embodiment, 
the actuator 138 preferably has a coil 140 and a plunger or armature 142 disposed 
within the coil 140. As is generally understood, the coil 140 can be constructed and 

10 arranged to generate a magnetic field that is capable of driving the armature 142 
downwardly in the axial direction of the coil 140. Again, by "downwardly," it is 
generally meant that in the orientation of the braking system shown in FIG. 2, the 
armature 142 moves from the top and along the axial direction of the coil 140 towards 
the second spool valve 126. The magnetic field created within the coil 140 urges the 

15 armature 142 into engagement with the second spool valve 126. 

The actuator 138 receives input signals 145 from an electronic controller 144. 
The electronic controller is configured to vary the input signals 145 supplied to the 
actuator 138 according to input received from an interface circuit 148. In one 
embodiment, the interface circuit 148 can be any sensor capable of varying an 

20 electronic signal to the electronic controller 144 based upon the relative position of 
the actuating mechanism 106, such as a potentiometer or hall effect sensor. 
Accordingly, the electronic controller 144 is capable of varying the input signals 145 
(e.g., electrical current) to the actuator 138 based upon the relative position of the 
actuating mechanism 106. In so doing, the electronic controller 144 can actuate the 

25 secondary valve assembly 104 such that the secondary valve assembly 104 pilot 

assists the primary valve assembly 102 during brake actuation. By "pilot assist," it is 
generally meant that the secondary valve assembly 104 increases the pressure applied 
to the primary valve assembly 102, thereby increasing the overall braking output for 
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the braking system 100. Moreover, because the electronic controller 144 varies the 
input signals 145 based upon the relative position of the actuation mechanism 106, the 
secondary valve assembly 104 and the intermediate piston 112 (FIG. 2) are able to 
intensify the ratio of output pressure to input position of the pedal. A more detailed 
5 discussion of the electronic controller 144 is presented below. 

Conversely, when the actuator 138 is not actuating the secondary valve 
assembly 104, the second spool valve 126 is in a non-actuated state. Thus, the second 
spool valve 126 is positioned such that secondary valve assembly 104 does not exert 
any fluid pressure on the primary valve assembly 102. To accomplish this, fluid 

10 communication is provided between the primary valve assembly 102 and the reservoir 
150. The various positions of the hydraulic braking system will be described in 
greater detail below in conjunction with FIGS. 6-8. 

Referring now to FIG. 5, an enlarged view of the secondary valve assembly 
104 is shown. The second spool valve 126 has a first end 128 and a second end 130 

15 opposite the first end 128. The secondary valve assembly 104 can also include a 

spring 137 that biases the second spool valve 126 towards the non-actuated state. The 
second spool valve 126 as shown in FIG. 5 is shown in a partially actuated state. 
When the actuator coil 140 is energized, the armature 142 is biased or forced 
downwards and into engagement with the first end 128 of the second spool valve 126. 

20 Conversely, when the actuator coil is de-energized, the armature 142 returns to its 
natural, unbiased position within the coil 140, therefore, allowing the spring 137 to 
return the second spool valve 126 to the non-actuated state. 

As discussed above, the second spool valve 126 is configured to selectively 
provide fluid communication between the primary valve assembly 102 and a first 

25 pressure source 150 (e.g., the reservoir pressure) or a second pressure source 152 
(e.g., the system pressure). For example, when the second spool valve 126 is in its 
non-actuated state, the second spool valve 126 is positioned such that fluid 
communication is provided between the primary valve assembly 102 and the reservoir 
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150. More particularly, when the second spool valve 126 is in its non-actuated state, 
the second spool valve 126 is positioned such that fluid communication is provided 
between the first end 116 of the primary valve assembly 102 and the reservoir 150. 
Alternatively, when the second spool valve 126 is in its actuated state, the second 
5 spool valve 126 is positioned such that fluid communication is provided between the 
primary valve assembly 102 and the system pressure 152 via cavity 135. More 
particularly, when the second spool valve 126 is in its actuated state, the second spool 
valve 126 is positioned such that fluid communication is provided between the first 
end 116 of the primary valve assembly 102 and the system pressure 152. In the 

10 actuated state, the secondary valve assembly 104 pilot assists the primary valve 
assembly 102. Thus, the secondary valve assembly 104 increases the pressure 
applied to the first end 116 of the first spool valve 114 and, therefore, further biases 
the first spool valve 114 into its actuated state as described above. 

FIGS. 6-8 are hydraulic schematic diagrams that illustrate the various 

15 positions of the first spool valve and second spool valves of the hydraulic braking 
system described above. The first spool valve 202 (e.g., first spool valve 102 
described above) is positionable between a first position, a second position, and an 
intermediate position between the first and second position. Similarly, the second 
spool valve 204 (e.g., second spool valve 104 described above) is positionable 

20 between a corresponding a first position, second position, and intermediate position 
between the first and second position. 

As shown in FIG. 6, the first spool valve 202 and the second spool valve 204 
are each shown in the first position. In the first position, the first spool valve 202 is 
non-actuated and as such provides fluid communication between the reservoir 

25 pressure 208 to at least one of the vehicle brakes 205 via passageways 212, 214. 

Likewise, the second spool valve 204 is non-actuated in the first position and provides 
fluid communication between the reservoir pressure 208 and the primary valve 
assembly 202 via cavities 212a, 220 and 224. 
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FIG. 7 shows both the first spool valve 202 and the second spool valve 204 in 
the second position. As described above, the actuating mechanism 203 forces the 
primary valve assembly from the first position to the second position. In the second 
position, the primary valve assembly 202 provides fluid communication between the 
vehicle brakes 205 and the system pressure 206 through the system pressure 
passageways 210, 214. 

While the first spool valve 202 is in the second position, the second spool 
valve 204 can be in any of its three positions depending upon the input signals 232 
provided to the actuator 234 from the electronic controller 230. For example, the 
second spool valve 204 can remain in the first position such that fluid communication 
is provided between the reservoir pressure 208 and the first spool valve 202. This 
typically occurs when the hydraulic brake system of the present disclosure suffers a 
power failure. In such a scenario, the secondary valve assembly is unable to assist 
the primary valve assembly during braking. Instead, the primary valve assembly 
operates as it normally does. Accordingly, the hydraulic brake valve of the present 
disclosure simplifies the operational mechanics used to apply the brakes when the 
system suffers a power failure. 

Alternatively, while the first spool valve 202 is in the second position, the 
second spool valve 204 can be urged towards its second position by the actuator 234 
as depicted in FIG. 7. In its second position, the second spool valve 204 provides 
fluid communication between the first spool valve 202 and the system pressure 206 
through the passageways 210a, 220 and 224. 

FIG. 8 shows both the first spool valve 202 and the second spool valve 204 in 
the intermediate position. In the intermediate position, the first spool valve 202 
restricts substantially all fluid communication between the vehicle brakes 205 and the 
reservoir pressure 208 and the system pressure 206. Similarly, the secondary valve 
assembly 204 restricts substantially all fluid communication between the primary 
valve assembly 202 and the reservoir pressure 208 and the system pressure 206. The 
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intermediate positions of the first and second spool valves 202, 204 are typically 
achieved as the first and second spool valves 202, 204 modulate between their 
respective first and second positions. Modulation of the first and second spool valves 
202, 204 will be discussed in greater detail below. 
5 The operational mechanics of the hydraulic brake system of the present 

disclosure will now be described in connection with FIGS. 2-5. As is commonly 
understood by those skilled in the art, the first spool valve 114 is a conventional spool 
valve and is constructed and arranged to modulate between first and second positions. 
By "modulate," it is generally meant that the first spool valve 114 moves within the 

10 primary valve assembly 102 between the first position, intermediate, and second 

positions according to the pressures or forces being exerted on its first end 116 and its 
second end 118. Furthermore, the modulation in the first spool valve 114 allows the 
reactive force on the actuating mechanism 106 (FIG. 2) felt by the operator to be 
proportional to the brake line pressure being generated in passageway 154. 

15 For example, when a user depresses the actuating mechanism 106, the spring 

retainer 110 within the input cylinder 108 (FIG. 2) urges the intermediate piston 112 
into engagement with the first end 116 of the first spool valve 114. As discussed 
above, the intermediate piston 112 urges the spool valve downwards to provide fluid 
communication between the system pressure 152 and the vehicle brakes 105a, 105b 

20 via passageway 154. In this position, high pressure fluid is also provided to a second 
chamber 122 via feedback circuit 124. Accordingly, the high pressure fluid in the 
second chamber 122 urges the first spool valve 114 upwards and acts against the 
downwardly acting force provided by the intermediate piston 112 on the first end 116 
of the first spool valve 114. In situations where the force provided by the 

25 intermediate piston 112 is less than the force provided by the high pressure fluid in 
the second chamber 122, the high pressure fluid in the second chamber 122 biases the 
first spool valve 114 upwards towards its first position. Conversely, in situations 
where the force provided by the intermediate piston 112 is greater than the force 
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provided by the high pressure fluid in the second chamber 122, the intermediate 
piston 112 is able to bias the first spool valve 114 downwards towards its second 
position. 

As discussed above, the electronic controller 144 sends input signals 145 to 
5 the actuator 138. The electronic controller 140 is capable of varying the input signals 
145 (e.g., the electrical current) supplied to the actuator 138 based upon the relative 
position of the actuating mechanism 106. Therefore, the electronic controller 140 is 
capable of actuating the secondary valve assembly 104 such that the secondary valve 
assembly 104 pilot assists the primary valve assembly 102 during brake actuation. In 

10 other words, when the electronic controller 140 actuates the secondary valve assembly 
104, the secondary valve assembly 104 increases the pressure applied to the primary 
valve assembly 102 by applying hydraulic pressure directly to the first spool valve 
114, for example, the first end 116 of the first spool valve. 

The second spool valve 126 operates in a similar fashion to the first spool 

15 valve 114 as discussed above. For example, as can be seen in FIG. 3, when the 
actuator 138 is energized, the armature 142 urges the second spool valve 126 
downward into an actuated state. In the actuated state, the second spool valve 126 
provides fluid communication between the system pressure 152 via passageway 153a 
and the primary valve assembly 102 via passageway 135. More specifically, the 

20 second spool valve 126 provides fluid communication between the first end 116 of the 
first spool valve 114 and the system pressure 152. 

The high pressure fluid acting on the first end 116 of the first spool valve 114 
via the passageway 135 increases the downwardly acting forces on the first spool 
valve 114 and further biases the first spool valve 114 towards an actuated state. 

25 Thus, the secondary valve assembly 104 pilot assists the primary valve assembly 102 
to intensify the braking output. Moreover, this causes the first spool valve 114 to 
continue to modulate between the actuated state and the intermediate position until the 
operator no longer desires braking and releases the pressure exerted on the actuating 
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mechanism 106. As discussed above, because the braking output of the hydraulic 
braking system 100 (FIG. 2) is varied based upon the relative position of the actuation 
mechanism 106, the secondary valve assembly 104 serves to intensify the ratio of 
output braking pressure to input position of the actuating member 106. 
5 Furthermore, the high pressure fluid in the fluid chamber 120 adjacent to the 

first end 116 of the first spool valve 114 exerts an upward pressure on the 
intermediate piston 112. This pressure exerted on the intermediate piston 112 is in 
turn felt by the operator via the actuating mechanism 106. As a result, the reactive 
force in the actuating mechanism 106 will be proportional to the brake line pressure 

10 being generated. 

Referring again to the secondary valve assembly as shown in FIGS. 3 and 5, 
the second spool valve 126 has a feedback circuit 136 that allows high pressure fluid 
to enter a fluid chamber 134 adjacent to the second end 130 of the second spool valve 
126. The pressure in the fluid chamber 134 acts on the second end 130 of the second 

15 spool valve 126. In so doing, the high pressure fluid opposes the force exerted on the 
first end 128 of the second spool valve 126 by the armature 142 such that the second 
spool valve 126 is biased upwards towards the intermediate position. Once in the 
intermediate position, if the force acting on the first end 128 of the second spool valve 
126 by the armature 142 is sufficient to overcome the fluid pressure in the fluid 

20 chamber 134 and the force from return spring 137, the second spool valve 126 is 

again biased to an actuated state. Accordingly, the second spool valve 126 modulates 
between the actuated state and the intermediate position. As a result, the actuation of 
the secondary valve assembly 104 will increase the overall braking output of the 
braking system if the pressure being modulated from the secondary spool valve 104 

25 creates a force on the first end 116 of the first spool valve 114 greater than the force 
being exerted on intermediate piston 112 from the actuating mechanism 106 through 
spring 109 and spring retainer 110. Furthermore, because the electronic controller 
144 varies the input signals 145 based upon the relative position of the actuation 
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mechanism 106, the secondary valve assembly 104 is able to intensify the ratio of 
output pressure to input force on the actuating mechanism 106 (e.g., the pedal). 

Alternatively, the secondary valve assembly 104 can reduce the pressure being 
exerted on the first surface 116 of the first spool valve 114, thereby reducing the 
5 overall braking output of the braking system. For example, when the actuator 138 is 
de-energized, the pressure in the second chamber 134 and the return spring 137 is 
sufficient to overcome the force exerted on the first surface 128 of the second spool 
valve 126 such that the second spool valve 126 returns to the non-actuated position. 
As discussed above, the second spool valve 126 in its non-actuated state allows fluid 

10 communication between the first surface 116 of the first spool valve 114 and the 

reservoir 150. Accordingly, the fluid pressure in the first chamber 120 is decreased, 
thereby allowing the first spool valve 114 to be urged towards its non-actuated state. 
As a result, the overall braking output of the braking system is reduced. 

The electronic controller 144 is programmable. By "programmable," it is 

15 generally meant that the electronic controller 144 is capable of receiving input from 
one or more sensors or vehicle control systems to vary the braking output from the 
hydraulic braking system 100. In one embodiment, the electronic controller 144 can 
be actively programmed in real-time using, for example, a serial controller or other 
similar controller. Alternatively, the electronic controller 144 can be automatically 

20 set to permanent or temporary preset values according to digital inputs from one or 
more vehicle control systems 147. For example, the vehicle control systems 147 can 
be the anti-lock brake system, the collision avoidance system, or other vehicle control 
systems. In either case, the electronic controller 144 is capable of supplying an 
appropriate braking output based upon both the road conditions and/or the operator's 

25 driving or braking requirements. 

FIG. 9 illustrates various braking output slopes produced as a result of 
the electronic controller 144. Line 250 shows the mechanically produced braking 
output of a standard brake valve without electronic control according to the principles 
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of the present disclosure. The electronic controller 144 can be used to produce 
different braking profiles according to the relative position of the actuating 
mechanism 106 (e.g., the brake pedal). For example, the electronic controller 144 
can be programmed to produce a linear braking output as shown by line 253. 
5 Furthermore, additional examples of how the electronic controller 144 can be used to 
create braking profiles are shown by lines 252, 253 and 254. 

It will be understood that a wide variety of specific configurations and 
applications are feasible, using the techniques disclosed herein. The operation of the 
hydraulic brake system of the present disclosure will now be described in connection 
10 with various particular embodiments. 

Example One 

In one embodiment, the ratio of braking output to manual input can be 
continuously adjusted according to various vehicle conditions, such as vehicle speed, 
vehicle pay load or operator preference. Accordingly, the hydraulic braking system of 

15 the present disclosure can be used to vary the brake pressure in a variety of ways that 
improve the operation of the vehicle on which it is used. Alternatively, the braking 
system can provide additional stopping pressure when necessary based on commands 
from a vehicle system controller or wheel speed sensors. 

FIG. 10 shows a view of the ratio of output braking pressure percentage to 

20 pedal rotation percentage. Line 300 shows a standard slope (e.g., mechanically 

produced braking output) of a brake valve without electronic control according to the 
principles of the present disclosure. Line 301 shows the braking output where the 
hydraulic brake valve produces a fully linear output from 0 percent pedal rotation 
through 100 percent pedal rotation using the electronic controller as described above. 

25 Alternatively, FIGS. 11 and 12 illustrate braking outputs that have been adjusted by 
the electronic controller in response to specific vehicle conditions, for example, 
vehicle speed. For example, FIG. 11 shows the braking output (e.g., line 302) 
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adjusted for higher speeds. In this view, the electronically controlled brake valve of 
the present disclosure allows more accurate braking at high speeds. Similarly, 
FIG. 12 shows the braking output (e.g., line 304) adjusted for lower speeds. In this 
view, the electronically controlled brake valve allows more accurate braking at lower 
5 speeds. 

The control system can be made to give operators the brake "feel" that they 
desire. For example, the system can be programmed to give more aggressive 
braking, as shown in FIG. 11 (e.g., line 302) or it can be programmed to give less 
aggressive, or "spongier," brake feel as shown in FIG. 12 (e.g., line 304). Different 
10 slopes can be stored in the controller or a input can come from the system controller 
or additional inputs (e.g. a potentiometer or discrete electrical inputs) into the 
programmable electronic controller. 

Example Two 

FIG. 13 illustrates the braking output of the electronically controlled hydraulic 
15 brake valve of the present disclosure being programmed to provide output according 
to digital input from the vehicle antilock braking system. Line 310 illustrates the 
mechanical output of the brakes system provided without electrical enhancement from 
the electronic controller. Line 311 illustrates the rotation percentage of the brake 
pedal. Line 312 illustrates the actual electronically enhanced braking output provided 
20 by the brake valve of the present disclosure. As the brakes are applied, the wheel 
slippage is detected 313. Accordingly, the electronic controller sends signals to the 
brake valve to decrease the braking force to the vehicle wheels. Once the wheels 
regain traction 314, the electronic control sends input signals to the brake valve to 
increase the braking output, thereby further decelerating the vehicle. 

25 Example Three 

FIG. 14 illustrates the braking output of the electronically controlled hydraulic 
brake valve of the present disclosure being programmed to provide output according 
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to digital input from a traction control system. Line 320 illustrates the actual 
electronically enhanced braking output provided by the brake valve of the present 
disclosure. As wheel traction lose is detected 321 the electronic controller sends 
signals to the brake valve to increase the braking force to the slipping wheels. Once 

5 the wheels regain traction 322, the electronic control sends input signals to the brake 
valve to decrease the braking output. 

The above specification and embodiments are believed to provide a 
complete description of the manufacturer and use of particular embodiments of the 
invention. Many embodiments of the invention can be made without departing from 

10 the spirit and scope of the invention, which is limited by the attached claims. 
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